Introduction
Influenza is an acute respiratory infectious disease with a high rate of morbidity and mortality [1] [2] [3] . Extensive studies have been performed to identify epidemiological and aetiological characteristics of influenza in order to explore a scientific strategy for its prevention and control [4] [5] [6] . Relevant literature indicates that influenza A and B viruses undergo continuous changes due to antigenic shift or drift and consequently change into new subtypes [7, 8] . Viral drift and shift are the reasons for seasonal epidemics or unpredictable pandemics, which lead to enormous financial losses and disease burden to the public. Recently, the burden of influenza among high-risk groups in the USA and other countries has been well described [9, 10] . Influenza pandemics and epidemics are associated with the spread of novel or re-emerging viruses which primarily originate from homologous influenza viruses. Hence, it is particularly important to explore epidemiological characteristics and circulating virus strains of influenza and identify vulnerable groups among the population.
In 2005, the National Influenza Surveillance System in China was established to monitor the epidemic pattern and intensity of influenza. In addition, an influenza surveillance system was formed through the combination of 18 sentinel hospitals in urban and rural areas of Shenyang, which can constantly monitor influenza-like illness (ILI). A sentinel laboratory network, including three national sentinel hospitals, in Shenyang is responsible for enhancing the surveillance system to comprehensively monitor and understand influenza activity and transmission and the circulating strains of influenza virus. Shenyang, the capital city of Liaoning Province, is located in northeast China and has clear seasonal variability. It administers 10 municipal districts in the urban area and four counties in the surrounding rural areas. Differences in demographic composition, population mobility, economic levels and medical services between these urban and rural areas may influence influenza epidemics, severity and transmission. Therefore, it is necessary to illustrate the geographical difference in the distribution of ILI activity between urban and rural areas in order to guide the regionalisation of surveillance.
Since the 2009 influenza pandemic, influenza surveillance has been considered a public health event of international concern. The surveillance scheme is carried out constantly with the objective of characterizing influenza activity to inform public health prevention and control activities. Although the influenza surveillance system enhanced our effectiveness in understanding influenza epidemics, severity and virology, the time-series models for the prediction of influenza activity in Shenyang were not well established, particularly in light of the emerging influenza pandemic in recent years. A widely used prediction model, the autoregressive integrated moving average (ARIMA) model, has been applied to predict the incidence of various infectious diseases, such as malaria, haemorrhagic fever and hand-foot-mouth disease [11] [12] [13] . Based on time-series data, the ARIMA model takes into account changing trends, periodicity and random disturbance, which gives it a capacity for short-term forecasting [14] . In addition, the seasonal ARIMA (SARIMA) model can give temporal trends of seasonality if distinct seasonality exists in time-series data [11] . Therefore, it was speculated that the SARIMA model could be used to predict the incidence of influenza in Shenyang, which could provide reference data for future influenza prevention and control strategies.
The purposes of this study were to explore the regional and seasonal distinctions of ILI activity, circulating strains of influenza virus and vulnerable groups among the population in Shenyang during 2010-2018, and to establish time-series models in urban and rural areas for short-term prediction.
Methods

Data sources
The influenza surveillance system of Shenyang is composed of 18 sentinel hospitals, including 14 hospitals in charge of 10 municipal districts of the urban area and four hospitals located in rural areas under the jurisdiction of Shenyang. The data of outpatients visiting hospitals were derived from the departments of paediatrics, respiratory and emergency. The ILI cases were identified by the sentinel general practitioners. The numbers of total visits and ILI cases were reported to the Shenyang Municipal Center for Disease Control and Prevention. The outpatients were classified by age into five groups: 0-4, 5-14, 15-24, 25-59 and ≥60 years. The ILI% was defined as the total number of ILI cases among the total number of outpatients visiting hospitals.
Case definition and laboratory testing
The ILI was defined as a person with a sudden onset of fever (≥38°C), chills, cough and/or sore throat, a generalised feeling of weakness and pain in the muscles, together with varying degrees of soreness in the head and abdomen. Approximately 30-45 specimens (nasopharyngeal swabs) of ILI cases from three national sentinel hospitals were transferred to the Shenyang Municipal Center for Disease Control and Prevention. Influenza-positive cases were confirmed by real-time reverse transcription PCR. Laboratory-confirmed influenza was further analysed to determine the subtypes of influenza virus.
Establishment of the SARIMA model
The ARIMA model is based on the sequentially lagged relationships existing in the time-series data [15] . If the time series showed no seasonality, the ARIMA model was appropriate for predicting ILI%. However, the SARIMA model was considered more suitable for forecasting if there were obvious seasonal characteristics in the data. The SARIMA model can be expressed as SARIMA ( p, d, q) (P, D, Q) s. Letters p, d and q represent the order of autoregression, the degree of difference and the order of moving average, respectively. Letters P, D and Q represent seasonal autoregression, seasonal integration and seasonal moving average, respectively, and s is the length of the seasonal period.
In this study, the establishment of the SARIMA model was divided into three steps: identification, estimation and diagnosis. First, time-series plots of the monthly ILI% were drawn to check stationarity and seasonality. The model (s = 12) was constructed, and the autoregressive and moving average parameters were confirmed by depicting the auto-correlation function (ACF) and partial auto-correlation function (PACF) of model residuals. Second, several alternative models were constructed and the Ljung-Box Q test was used to estimate the ACF and PACF of residuals. If the residuals were equal to white noise (P > 0.05), the optimal SARIMA model was regarded as the model with the lowest value of the Bayesian Information Criterion (BIC). Finally, this model was applied to forecast the monthly ILI% for January-December 2019. The mean absolute percentage error (MAPE), root mean square error (RMSE) and stationary R 2 (coefficient of determination) were used to estimate the goodness-of-fit and effectiveness of the model. In addition, during the modelling process, it was found that the SARIMA model of the rural area was always unstable and ineffective, resulting in abnormal and invalid predicted values for ILI% of the rural areas. This was possibly due to the higher ILI% for January-April 2010 compared with other years (Fig. 1 ). Hence, the ILI% of 2010 was removed from the time series in view of the stability of the prediction model.
Ethical statement
The influenza surveillance is a governmental public health task in the charge of the Shenyang Municipal Center for Disease Control and Prevention and sentinel hospitals. Therefore, an ethical review by an ethics committee was not required. Verbal consent was obtained from each ILI case previous to specimen collection. Personal identifiable information of outpatients, including name, address, phone number and other health conditions, was not disclosed to ensure personal individual privacy.
Statistical analysis
The χ 2 test was used to test the differences in categorical groups. Spearman correlation analysis was applied to determine the relationship of ILI% in urban and rural areas of Shenyang. Excel 2010 was used to sort the data, and SPSS 21.0 (SPSS Inc., Chicago, IL, USA) was applied to analyse data and establish the SARIMA model. A two-sided P-value < 0.05 was considered significant.
Results
Influenza surveillance in urban and rural areas for 2010-2018
The time-series plots showed that ILI activity during the study period had obvious seasonality and periodicity in urban and rural areas ( Fig. 1) . Generally, the active phase of ILI commenced in winter, and peaked in December-January every year. In
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comparison, ILI activity in autumn was at a relatively low level and reached a minimum during September-October every year. However, the ILI% showed short-term upward trends during each summer in 2010-2018. We noted that ILI activity in the rural areas for January-April 2010 was at a high level, with much higher ILI% than in other years, and then returned to the inter-seasonal level by May 2010. It was also found that the ILI % of 2010-2018 between urban and rural areas were significantly correlated (r = 0.413, P < 0.001), but the epidemic intensity of ILI activity was higher in urban than in rural areas. During 2010-2018, of the 752 695 reported ILI cases, 736 255 (97.82%) were reported by urban hospitals and 16 440 (2.18%) were from the rural areas. The total number of visiting outpatients (24 159 315) reported by 18 sentinel hospitals during 2010-2018 was over 30 times the number of ILI cases in this period, thus giving a crude ILI% of 3.12% in Shenyang (Table 1) . Overall, the timing and amount of ILI activity varied across regions, seasons and years. For example, ILI activity showed significant regional differences with ILI% of 3.27% and 1.00% in urban and rural areas, respectively. Winter had an increasing number of ILI cases, and this was more than in other seasons. The ILI% increased from 2011 followed by a period of increase of ILI cases during 2012-2014. Additionally, the proportion of ILI cases in age and season groups significantly differed between urban and rural areas (P < 0.001). Children aged 0-4 years had the highest proportion of ILI cases (46.90% for urban and 49.43% for rural), followed by corresponding values for 5-14 years of 23.09% and 23.52%, and for ≥15 years of 30.02% and 27.04% ( Table 2) .
Laboratory-confirmed influenza virus for 2010-2018
The 17 239 specimens provided by three national sentinel hospitals were tested during 2010-2018. Of the total positive specimens for influenza virus (n = 1786), more than half were influenza A virus (60.70%; n = 1084). Influenza type B infections accounted for 37.40% (n = 668), and only 1.90% (n = 34) were of hybrid type. Of influenza A virus, nearly all were seasonal A/H3N2 (n = 470) and pandemic A/H1N1 (n = 609). In addition, pandemic A/H1N1 and influenza B virus circulated sporadically during winter and spring seasons of the study period. Seasonal A/H3N2 viruses were reported annually in autumn and winter, and seasonal A/H3N2 circulated intensively in the 2015-2016 influenza seasons, replacing pandemic A/H1N1 (Table 3) .
Laboratory-confirmed influenza cases were mainly distributed in winter in accordance with ILI activity. A co-epidemic pattern of pandemic A/H1N1 and seasonal A/H3N2 and B virus emerged from 2013 and the dominant strain changed each year. The number of influenza-positive cases increased sharply during 2011-2013. Pandemic A/H1N1 was the predominant strain of influenza viruses in 2013, 2017 and 2018. Seasonal A/H3N2 co-circulated with influenza B virus in winter and spring seasons of most years (Fig. 2) .
Time-series analysis of ILI% of urban and rural areas
The ILI% in the rural area was extraordinarily higher in early 2010 than in other years ( Fig. 1 ). Preliminary modelling results of the rural area showed an unstable and ineffective SARIMA model with abnormal and invalid predicted values. The 2009 H1N1 pandemic was officially over on 10 August 2010 [16] , and consequently, the ILI activity of 2010 may be associated with this pandemic. We removed the ILI% of 2010 from the timeseries data of urban and rural areas to ensure the validity and stability of the models.
The SARIMA models for urban and rural areas were constructed separately using the following steps. First, the time-series plot of the urban area fluctuated around zero after first-order non-seasonal difference (d = 1) and first-order seasonal difference (D = 1) were calculated (Fig. 3b) . Then, the ACF and PACF graphs were used to determine the model parameters.
The ACF and PACF fell around zero within 95% confidence limits (CIs) except at the lags of 1, 12 and 24 (Fig. 4a ), which revealed that this time series could be used to establish SARIMA ( p, 1, q) (P, 1, Q) 12 . Several alternative models were constructed and then the Ljung-Box Q test and normalised BIC were used to determine the most appropriate one. Finally, we concluded that the SARIMA (0, 1, 0) (0, 1, 2) 12 with BIC (−1.218), RMSE (0.516), MAPE (10.597) and stationary R 2 (0.410) could be the perfect model for the urban area ( Table 4 ). The SARIMA model for the rural area was similarly established according to the steps above. Therefore, we believe that SARIMA (1, 1, 1) (1, 1, 0) 12 was suitable for the rural area. We applied SARIMA (0, 1, 0) (0, 1, 2) 12 and SARIMA (1, 1, 1) (1, 1, 0) 12 to forecast ILI% of urban and rural areas for January-December 2019. The fitting and forecasting results are shown in 
Discussion
This study presented findings from a retrospective analysis of influenza surveillance data collected under the influenza surveillance system of Shenyang during 2010-2018. The available data were utilised to analyse epidemiological and virological characteristics of influenza activity. Due to many differences between urban and rural areas, including demographic composition, economic levels and medical services, population mobility and living conditions, the data were divided into two main categories: urban and rural areas.
Although the fluctuation trends of ILI% of urban and rural areas were similar, the intensity of ILI activity was higher in urban than in rural areas. The result indicated that the spread and occurrence of influenza may be more prevalent in urban area. Generally, ILI surveillance was performed by general hospitals or urban paediatric hospitals. In the urban area, on the one hand, a continuous influx of migrants may bring about the emergence of influenza virus infections or unconfirmed ILI cases, which drove the spread of influenza among the population. On the other hand, there were large numbers of sentinel hospitals to facilitate communication between patients and physicians. Given a full coverage by the 14 sentinel hospitals of all the Epidemiology and Infection 5 municipal districts in the urban area, we believe that the surveillance data of sentinel hospitals represented influenza activity in the urban area. With regard to the rural area, people who live in villages and towns generally visit primary hospitals or village clinics when developing ILI symptoms [17] . In addition, some people with suspected ILI symptoms were more likely to purchase medicine at pharmacies nearby instead of having a medical consultation or visiting a doctor. The reported data from the rural area probably represent only a small proportion of all ILI cases. The true incidence of ILI was likely to be underestimated in the rural area, especially in view of the poor transportation accessibility in these regions. Therefore, influenza surveillance of the rural area should be conducted comprehensively in the whole population through primary hospitals, village clinics and sentinel hospitals.
In this study, children aged ⩽4 years accounted for nearly half of all ILI cases. Similarly, previous studies indicated that influenza infections were most frequent in children aged <5 years [18, 19] . Influenza viruses can be transmitted by respiratory droplets and direct contact with an infected person or fomites. Infants and young children may be at a high risk of influenza virus infection [10, 20, 21] . Previous studies also confirmed that influenza virus and other pathogens, such as respiratory syncytial viruses (RSV), rhinoviruses and enteroviruses, might be more sensitive to immunocompromised or immunodeficient infants and young children, leading to concomitant or consecutive infection [21] [22] [23] [24] . Our results highlighted that a very large amount of ILI cases emerged in younger age groups, which could provide evidence for the increasing literature confirming the population susceptible to influenza viruses. In addition, there may be differences in the rate and frequency of visiting medical institutions between children and adults. Children with ILI symptoms may be more prone to visit doctors than adults, resulting in a higher hospital visiting rate. Our study warrants further collection of more influenza data regarding visiting rates among different age groups. Our results showed that the ILI% of urban and rural areas were higher in winter, consistent with laboratory-confirmed influenza cases. However, it should be noted that the ILI% showed short-term upward trends during each summer. This suggested that a considerable proportion of outpatients with ILI symptoms in summer might be caused by other pathogens, such as RSV, adenoviruses and parainfluenza 1, 2 and 3 viruses [25, 26] . Additionally, with a lack of laboratory confirmation of ILI, physicians have difficulty identifying influenza virus infection using their judgement of typical symptoms including sudden onset of fever, cough, sore throat and general malaise [24] . Furthermore, the influenza activity of the 2015-2016 influenza season was relatively more intense, with more influenza-positive cases than other seasons (except for 2013-2014), whereas the ILI% in 2015-2016 was lower than in other seasons. We speculate that the pathogen spectrum of ILI symptoms changed in 2015. The previous study indicated that approximately 60% of ILI cases were caused by non-influenza viruses [26] . So, compared to other influenza seasons, there might be lower infections of other respiratory pathogens involved in ILI symptoms in the 2015-2016 influenza season. Consequently, laboratory confirmation of various respiratory pathogens may be critical for influenza surveillance and prevention.
The seasonal patterns of ILI and circulating strains in Shenyang were similar to those of other regions in northern China [27] [28] [29] ; however, the virological characteristics of influenza virus differed from those in southern China where an annual cycle with two peaks in summer and winter was pervasive [18, 30] . This discrepancy may be due to climate or meteorological factors. For example, lower humidity benefits virus survival and movement, and lower temperature in winter increases indoor Dotted lines indicate the 95% confidence intervals (CIs) (UCL: upper limit of 95% CI; LCL: lower limit of 95% CI). 8 Ye Chen et al.
activities and promotes the transmission of aerosol virus indoors, which appear to be related to influenza seasonal epidemics [31] . Previous studies also indicated that seasonal features of influenza viruses were associated with the local rainy season across the subtropical and tropical climates [32] . Shenyang is located in the temperate region with lower humidity and temperature. The impact of environmental and climatic factors on influenza epidemics has rarely been reported in Shenyang. Therefore, more epidemiological studies should be implemented to explore the factors affecting influenza activity in Shenyang, especially meteorological factors. Laboratory findings indicated that pandemic A/H1N1, seasonal A/H3N2 and influenza B virus were major circulating strains of influenza virus in Shenyang. Seasonal A/H3N2 co-circulated with influenza B virus in the winter-spring epidemic season of most years. In total, influenza B virus accounted for the maximum number of laboratory-confirmed influenza cases, followed by pandemic A/H1N1 and seasonal A/H3N2. These results corresponded with the facts that a co-epidemic pattern of these three strains of influenza virus has formed in China since 2009, with seasonal A/H3N2 predominantly circulating in the south of China while influenza B virus and pandemic A/ H1N1 are more frequent in northern China [4, 18, 19, [33] [34] [35] . It is noteworthy that the number of influenza-positive cases was much lower in 2011 and 2012 than other years. Also, the pandemic A/H1N1 became the dominant strain from the winter of 2013 and has prevailed in the winter-spring period since then, particularly in 2018. We speculate that the substantial increase of pandemic A/H1N1 was predominately driven by the loss of protective antibodies obtained from the 2009 influenza season. The data of laboratory-confirmed influenza in 2018 suggested that we should focus on the next possible pandemic of pandemic A/H1N1 to inform public health responses.
It has been proven that the SARIMA model is applicable to predict the incidence of infectious disease [11] [12] [13] 36] . However, this model may only be feasible for short-term prediction of influenza incidence owing to the increased relative bias of predicted values. We utilised the monthly ILI% of urban and rural areas in Shenyang for 2011-2018 and established SARIMA (0, 1, 0) (0, 1, 2) 12 for the urban area and SARIMA (1, 1, 1) (1, 1, 0) 12 for the rural area. We found that the goodness-of-fit index, including stationary R 2 values, MAPE and RMSE, showed relatively reliable and high validity in comparison to other studies [13, 33, 36] . The fitted values for 2011-2018 showed seasonal peaks, coinciding with observed ILI%. We believe that these two models could be appropriate to predict ILI% for 2019 in urban and rural areas of Shenyang. Although predicted values can provide reference data for short-term incidence of influenza, the decisions and strategies for influenza prevention and control should comprehensively consider multiple influencing factors, such as the accuracy of monitoring data, pathogenic variation, geographical location and vaccination.
There are some limitations to our study. First, the emphasis of influenza surveillance was primarily in the urban rather than the rural area, and so was likely to underestimate the true ILI% or ILI activity in the rural area. Second, laboratory testing was not carried out in rural sentinel hospitals, which should be accounted for in future influenza surveillance. Finally, meteorological factors, such as temperature and relative humidity, were not considered.
In summary, differences in regional distinctions, seasonality and age distribution of ILI activity in Shenyang were identified. Our findings suggested that a co-epidemic pattern of influenza strains was evident in terms of seasonal influenza activity. In addition, influenza viruses were more sensitive to young children than adults. These results could provide a reference for future influenza prevention and control strategies in the study area.
